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Abstract—The composition dependence of the degree of chem-
ical order and uniaxial magnetic anisotropy energy u has been
investigated for FePt (001) and FePt (110) films deposited at the
substrate temperature s = 300 C, and the optimum composi-
tional region for 10 ordering in FePt (110) films has been com-
pared with that in FePt (001) films. It has been found that high
and large u are obtained around the stoichiometric compo-
sition for FePt (110) films, whereas they are obtained around an
off-stoichiometric Pt-rich composition for FePt (001) films, indi-
cating that the difference in optimum compositions for achieving
highly ordered structure between FePt (001) and FePt (110) films
at reduced temperature.
Index Terms—Composition dependence, FePt thin film,
low-temperature fabrication, sputter-deposition.
I. INTRODUCTION
THE areal density of magnetic recording media has dramat-ically increased for the last decade [1]. In order to push the
recording density up to the order of , the data have to
be stored in magnetic particles of 10 nm in diameter. How-
ever, the instability of magnetization due to thermal fluctuation
is a serious problem for such nm-sized magnetic particles. One
of the possible solutions for this problem is to use the mag-
netic materials with large magnetic anisotropy. In this context,
ordered FePt alloy with large uniaxial magnetic anisotropy
[2] has attracted much attention as
a candidate material to realize next-generation ultrahigh density
magnetic recording media. Recently, a lot of work have been de-
voted to the fabrication of FePt thin films by sputter-deposition
or molecular beam epitaxy technique [3]–[8]. A high temper-
ature process such as deposition on a heated substrate and/or
post-annealing above 500 is usually required to form the
ordered structure for FePt films. However, such a high tempera-
ture process accelerates the grain growth of magnetic particles,
leading to a low signal-to-noise ratio in recording media. Several
attempts on the low temperature fabrication of FePt films were
performed, such as the introduction of underlayers [9], the ad-
dition of third elements [10], [11], multilayering [12], [13], ion
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irradiation [14], monatomic layer control [15], high Ar gas pres-
sure during deposition [16], and in situ annealing [17]. In a pre-
vious paper [18], we reported that for FePt (001) films deposited
on MgO (001) substrates high order and high perpendicular
magnetic anisotropy were successfully obtained by shifting the
composition of the FePt phase to an off-stoichiometic Pt-rich re-
gion even in the case of the substrate temperature ,
in contrast to the result around the stoichiometric composition
showing poor chemical order.
In this paper, in order to investigate the effect of the crystal
orientation on the optimum composition for the ordering
at reduced temperature, FePt (110) films with various composi-
tions were prepared on MgO (110) substrates at ,
and the optimum composition for high degree of order and
large for FePt (110) films on MgO (110) substrates has been
compared to that for FePt (001) films on MgO (001) substrates.
II. EXPERIMENTAL PROCEDURE
Films were prepared on MgO (110) substrates using a dc
magnetron sputtering apparatus. Base pressure was below
, and high purity ( 99.9999%) argon of 5.0 mtorr was
flown during sputtering. An Fe seed layer of 10 and subse-
quently a Pt buffer layer of 400 were deposited at room tem-
perature. The FePt layer of 180 was prepared by co-deposi-
tion of Fe and Pt on the Pt buffer layer at . The Fe
concentration (at.%) of films was varied in the
range from 19 to 68. The typical growth rate was 0.1 . The
sample structure, compositions, and sputtering condition were
the same as those reported in a previous paper [18]. The compo-
sitions of films were determined by electron probe X-ray micro-
analysis (EPMA). Structural characterization was performed by
X-ray diffraction (XRD). Magnetic properties were measured
by a superconducting quantum interference device (SQUID)
magnetometer.
III. RESULTS AND DISCUSSION
XRD patterns for films (grown on MgO (110)
substrates) are shown in Fig. 1 [(a) , (b) 62, (c) 52, (d) 45,
(e) 38, (f) 34, (g) 30, and (h) 19]. The fundamental 220 peaks
of the FePt phase and the Pt buffer layer are clearly observed
for all the films, indicating the films are strongly textured to the
(110) plane. The unlabeled sharp peaks are due to the MgO sub-
strate. For and 62, only the FePt 110 superlattice peak
with weak intensity is observed. With decreasing to 52, the
FePt 110 superlattice peak becomes intense and the FePt 330
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Fig. 1. X-ray diffraction patterns with Cu K radiation for FePt films
grown on MgO (110) substrates at T = 300 C. The Fe concentrations x
(at. %) for FePt films are (a) 68, (b) 62, (c) 52, (d) 45, (e) 38, (f) 34, (g) 30,
and (h) 19.
superlattice peak begins to appear. The sharp superlattice peaks
indicating the formation of ordered structure are observed
at – . With further decrease of , the superlattice peaks
disappear. It is noted that ordering of FePt (110) film is pro-
moted around the stoichiometric composition at ,
which is contrary to the results for FePt (001) films reported pre-
viously [18], i.e., the ordered structure was best formed at
an off-stoichiometric Pt-rich region for FePt (001) films. From
the integrated intensities of fundamental and superlattice peaks
extracted from numerical fitting, the degree of long-range chem-
ical order was evaluated. The detailed procedure for the eval-
uation of was described in [4]. The maximum of 0.7 0.1
has been obtained for .
In order to confirm the epitaxial growth of FePt layer, two-di-
mensional XRD intensity mapping was performed. Fig. 2(a)
shows the X-ray intensity mapping of {202} diffraction for the
FePt (110) film with . For comparison, Fig. 2(b) shows
the intensity mapping for the FePt (001) film with
[18], which is the optimum composition for the ordering of
FePt (001) films. The diffraction patterns were obtained from
the FePt {202} planes illustrated as the gray areas. The scan di-
rections of polar angle and rotation angle are also described
in the inset of Fig. 2. For the FePt (001) film, the four-fold ro-
tation symmetry around the [001] surface normal is clearly ob-
served. On the other hand, two-fold rotation symmetry around
the [110] surface normal is obtained for the FePt (110) film, re-
flecting the symmetry of the (110) plane of tetragonal struc-
ture. These results indicate that the FePt (110) film is epitaxially
grown on the MgO (110) single crystal substrate similarly to the
FePt (001) film deposited on the MgO (001) substrate.
Fig. 3 shows the magnetization curves for FePt (110) films
with = (a) 62, (b) 52, (c) 45, (d) 38, and (e) 34. Solid, broken,
and dotted lines denote the magnetization curves measured
along [001] and directions in the film plane, and the
perpendicular direction to the film plane, respectively. The
directions of applied magnetic field are illustrated in the inset
of Fig. 3. The crystal axes shown in the figures are those for the
Fig. 2. X-ray intensity mappings for the {202} diffraction in (a) Fe Pt
(110) and (b) Fe Pt (001) films. The FePt (202) planes are illustrated as the
gray areas in the insets of the figures, and the scan directions of  and  are also
denoted.
Fig. 3. Magnetization curves for FePt films with a variety of Fe concentration
x (at. %) grown at T = 300 C. x are (a) 62, (b) 52, (c) 45, (d) 38 and (e) 34.
The magnetic field was applied along the [001] direction (solid line), the [110]
direction (broken line) in the film plane, and the perpendicular direction to the
film plane (?: dotted line) as illustrated in the inset.
MgO (110) substrate. FePt (110) films with large in-plane uni-
axial magnetic anisotropy are obtained for –52, and the
easy magnetization axis lies along the in-plane [001] direction.
The compositional region where large is achieved coincides
with that where superlattice peaks are clearly observed in
Fig. 1. The uniaxial magnetic anisotropy energy (with
the [001] easy axis) was determined from the area enclosed
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Fig. 4. (a) The degree of chemical order S and (b) the uniaxial magnetic
anisotropy constant K for FePt films as a function of the Fe concentration x
(at. %). Solid and open circles denote the results for FePt (001) and FePt (110)
films, respectively.
between the magnetization curves with magnetic field applied
along the [001] and directions. The maximum value of
has been obtained for .
and as a function of are summarized in Fig. 4(a) and
(b), respectively. Open and solid circles denote the results of
FePt (110) and FePt (001) films, respectively. For both the FePt
(110) and FePt (001) films, the composition region for high
corresponds to that for large . and hold maxima at
an off-stoichiometric Pt-rich composition for FePt (001) films,
whereas those hold maxima around the stoichiometric compo-
sition for the FePt (110) films. This indicates the difference in
optimum compositions for high and large between FePt
(001) and FePt (110) films. The origin for this difference is not
clear at present, however, we may say that it is closely related
to the lattice mismatch between the FePt layer and the Pt buffer
layer. In the case of the FePt (001) film, the c-plane of the FePt
layer is strained due to the mismatch with the Pt (001) buffer
layer. On the other hand, the strained (110) plane for the FePt
(110) film includes both the c-axis and the a-axis. The differ-
ence in the atomic planes that receive strain is considered to
play an important role in the different optimum compositions
for the ordering between FePt (110) and FePt (001) films.
It has also been found that the optimum compositional region
for ordering varies by using other under-layer materials for
FePt (001) films, which will be reported elsewhere.
IV. CONCLUSION
ordered FePt (110) films with large uniaxial magnetic
anisotropy along the in-plane [001] direction were successfully
prepared on MgO (110) substrates at around the
stoichiometric composition. The high of 0.7 0.1 and the
large of have been obtained for
and 45, respectively, showing a clear contrast to the result for
FePt (001) films where and showed maxima at an off-sto-
ichiometric Pt-rich region . In other words, the op-
timum composition for the ordering in FePt films depends
on the crystal orientation normal to the film plane.
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